Data from the National LymphoCare Study (a prospective, multicentre registry that enrolled follicular lymphoma (FL) patients from [2004][2005][2006][2007] were used to determine disease characteristics, treatment patterns, outcomes and prognosis for elderly FL (eFL) patients. Of 2650 FL patients, 209 (8%) were aged >80 years; these eFL patients more commonly had grade 3 disease, less frequently received chemoimmunotherapy and anthracyclines, and had lower response rates when compared to younger patients. With a median follow-up of 6.9 years, 5-year overall survival (OS) for eFL patients was 59%; 38% of deaths were lymphoma-related. No treatment produced superior OS among eFL patients. In multivariate Cox models, anaemia, Bsymptoms and male sex predicted worse OS (P < 0·01); a prognostic index of these factors (0, 1 or ≥2 present) predicted OS (hazard ratio [95% confidence interval]: ≥2 vs. 0, 4·72 [2·38-9·33], ; 1 vs. 0, 2·63 [1·39-4·98]), with a higher concordance index (0·63) versus the Follicular Lymphoma International Prognostic Index (0·55). The index was validated in an independent cohort. In the largest prospective US-based eFL cohort, no optimal therapy was identified and nearly 40% of deaths were lymphoma-related, representing baseline outcomes in the modern era.
Introduction
Follicular lymphoma (FL) is the most common low-grade non-Hodgkin lymphoma in the USA with more than 14000 cases diagnosed annually (Siegel et al, 2012) . Treatment choices often depend on stage, age, performance status (PS), comorbidities and therapeutic goals. Options include watchful waiting, involved field radiotherapy, single-agent chemotherapy, monoclonal antibodies and chemoimmunotherapy (Gribben, 2007; Witzig et al, 2011) .
Prognostic models predicting survival in FL have been developed, with the most prominent model being the Follicular Lymphoma International Prognostic Index (FLIPI) (Federico et al, 2009; Solal-Celigny et al, 2004) . While age is a critical prognostic component in FLIPI, little is known about very elderly FL patients as few studies, if any, have addressed this true elderly population. Although significant improvement in the overall survival (OS) of FL patients has been witnessed in recent years, (Fisher et al, 2005; Swenson et al, 2005) pivotal studies that have shaped our management paradigm and have led to current standards have typically enrolled patients with a median age of ≤60 years (Buske et al, 2006; Marcus et al, 2008; Salles et al, 2011) . Given that FL is a disease of the elderly, understanding how modern therapies have been applied to older patient populations is critical. Whether elderly patients are under-treated or are treated less effectively, and whether their disease-related outcomes mimic those of younger patients remains unknown. Furthermore, whether present prognostic models apply to older patients is uncertain. In the absence of prospective studies specifically designed for elderly FL patients, uniform guidelines for treating these patients and assessing their prognosis are lacking.
To better understand patterns of care, prognosis and outcomes in older FL patients in the USA, and to investigate the impact of age on treatment selection and outcomes, we analysed data from the National LymphoCare Study (NLCS), a prospective, multicentre, observational registry that enrolled 2650 newly diagnosed FL patients between 2004 and 2007. To our knowledge, this represents the largest comprehensive prospective data analysis of very elderly FL patients (eFL) reported to date.
Patients and methods
The NLCS registry is a prospective cohort database study of patients with FL in the USA that was developed by Genentech, Inc. (South San Francisco, CA) and Biogen Idec (Cambridge, MA). The NLCS has guidelines that have been previously described (Friedberg et al, 2009 ). Patients were recruited from academic and community practices between 2004 and 2007 and final selection of participating sites and data collection occurred as previously described (Friedberg et al, 2009 ). All patients signed an institutional review board-approved written informed consent. All patients who were within 6 months from their initial FL diagnosis and who had no prior history of lymphoma were eligible. Patients were evaluated and treated according to each physician's standard discretion without study-specific treatments. The treating physician documented each treatment programme, including observation and treatment responses. As this was strictly an observational study, there were no standardized assessments to determine responses and progression and cause of death was by report of the treating physician. No data on comorbidities was collected. Follow-up data on relapses, new treatments and vital status (including cause of death) were prospectively collected every 3 months from the treating physician.
Statistical methods
To investigate the impact of age on treatment selection and outcomes, we divided patients into three age groups (≤60 years, 61-80 years and >80 years). Patients >80 years were considered eFL. The younger patients (<80 years) were separated into two groups because >60 years is a well-known risk factor for poor OS in FL patients and is one of the FLIPI components. Demographics, baseline disease characteristics and initial treatment strategy for eFL in the NLCS were summarized using descriptive statistics (medians and ranges for continuous variables; frequencies for categorical variables). The associations of demographics, baseline disease characteristics and initial treatment strategy with age groups were evaluated using the Pearson chi-square test. Baseline demographics, disease characteristics and response rates to initial therapy were compared between groups of firstline treatment within each age group. The difference was tested using the Pearson chi-square test.
intervals (CIs) were estimated using Cox regression. For the OS endpoint, two models were fitted; one comparing watchful waiting, rituximab monotherapy and rituximab plus chemotherapy; the other comparing anthracycline-vs. non-anthracycline-based chemotherapies. The models included age at diagnosis, treatment and treatment by age interaction to investigate the difference in treatment effect between age groups. In addition, the Cox models included important demographic and disease characteristics to account for the imbalance between treatment-age groups. Specifically, the following baseline characteristics were adjusted: sex, race/ethnicity, grade, nodal sites, lactate dehydrogenase (LDH), haemoglobin, stage, PS, bone marrow involvement and treatment centre type (community vs. academic). In addition, the use of rituximab maintenance was also included in the Cox models as a time-varying covariate so the impact of rituximab maintenance was accounted for after the maintenance treatment started.
For patients >80 years, a Cox regression model was used to determine the factors that were significantly associated with OS based on a p-value level of ≤ 0·05. The selection of the resulting significant factors was then confirmed via a backward selection Cox regression model. The baseline characteristics included in the model for consideration were sex, histology grade, stage, LDH, haemoglobin, nodal sites, extra-nodal sites, Eastern Cooperative Oncology Group (ECOG) performance score, B symptoms and bone marrow involvement. Stage, LDH, haemoglobin, and nodal sites were dichotomized based on the established FLIPI risk factors. For ECOG performance score, categories 1 and ≥ 2 were grouped together because of the small sample size for the ≥ 2 category. First line treatment and time-varying rituximab-maintenance were also included. From the selected risk factors, the eFL index was created. The prognostic properties of the eFL index were compared to FLIPI risk by HRs and CIs from unadjusted cox regression models for PFS, OS and lymphoma-related mortality (LRM). The model performance was assessed by the concordance index (c-index) (Harrell et al, 1996) . The comparison was performed on the same set of patients who had complete FLIPI and no missing values for the selected risk factors.
Validation cohort
To evaluate our proposed prognostic index in a separate eFL population, we utilized a cohort of FL patients who were >80 years from the Surveillance, Epidemiology and End Results (SEER) registry linked with the Medicare database (2001-2009) (http:// healthcaredelivery.cancer.gov/seermedicare/). In this dataset, we ascertained anaemia prior to a diagnosis of FL using the International Classification of Diseases (ICD)-9 codes (280·x, 281·x, 283·xx, 284·8, 284·9, 285·2x, 285·9). A patient's diagnosis of anaemia had to appear on at least two different Medicare inpatient, outpatient or physician claims that were more than 30 days apart in the 12 months before FL diagnosis through the month of diagnosis. This was done to account for the possibility that physicians may have recorded a diagnosis as being present, when the correct coding should have been to "rule out" the condition. To evaluate the performance of the eFL prognostic index in this population, we performed multivariate Cox regression models, using the prognostic index of male sex, B symptoms and anaemia (0 vs. 1 vs. ≥2 present) in eFL patients controlling for FL grade, stage, year of diagnosis, and treatment. Nabhan et al. Page 4 Br J Haematol. Author manuscript; available in PMC 2016 October 24.
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Results
Patient characteristics (Table I) A total of 2650 patients were evaluable of whom 209 (8%) were >80 years. Median age at baseline for all patients was 61 years (range 22-97). Although not statistically significant, 58% of patients >80 years were female compared with 51% and 52% in the younger age groups. As shown in Table I , eFL patients more commonly had grade 3 disease (27% vs. 22% in patients 61-80 years and 18% in patients ≤60 years, P = 0·004) and had higher FLIPI score (47% with poor risk vs. 15% in patients ≤60 years, P < 0·0001), mainly driven by age and lower haemoglobin factors. It is worth noting that all patients >80 years had at least one FLIPI risk factor (age >60 years). Therefore, excluding age, in eFL patients, the low FLIPI risk corresponds to a presence of zero risk factor, the intermediate FLIPI risk corresponds to 1 risk factor, and the high risk corresponds to 2-4 risk factors. Comparison of FLIPI excluding age actually shows that older patients are less likely to have poor risk status than younger patients.
Initial treatment regimens by age groups
Treatments varied significantly by age (P < 0·0001). While patients on observation were notably similar between the age groups, when treated, those >80 years were more likely to receive rituximab monotherapy than patients 61-80 years (29% vs. 15%) or ≤60 years (10%). R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone) was the most commonly used chemoimmunotherapy regimen in patients ≤60 years (57%) while R-CVP (rituximab, cyclophosphamide, vincristine and prednisone) was the most commonly used chemoimmunotherapy regimen in patients >80 years (53%). Patients >80 years less commonly received chemoimmunotherapy as an initial strategy compared to others (32% vs. 48% [61-80 years], 52% [≤60 years]) (Table II) . Among those receiving chemotherapy (with or without rituximab), patients aged >80 years were less likely to receive anthracyclines (28%) than patients aged 61-80 years (58%) or ≤60 years (68%) (P < 0·0001). Only grade 3 histology significantly predicted anthracycline use within all age groups, including eFL. Of note, the use of maintenance rituximab amongst rituximab-treated patients did not vary by age but eFL patients induced with rituximab monotherapy were less likely to receive maintenance rituximab compared with their younger counterparts (Table II) .
Overall response rates
Within each treatment category, response rates were similar across age groups (P > 0·05) except for a low response rate in eFL among patients receiving anthracyclines (P = 0·03). In all age categories, treatment with chemoimmunotherapy produced the highest overall response rate (ORR) (92% in ≤60 years, 91% in 61-80 and 84% in >80), which was statistically significant compared with rituximab-monotherapy in patients ≤60 years (P = 0·0002) and 61-80 years (P < 0·0001), but was not statistically significant in eFL patients (P = 0·618). Similar responses were observed amongst eFL patients regardless of anthracycline use while patients <80 years demonstrated statistically significantly higher ORR when receiving anthracyclines (Table III) . 
PFS and OS (

Cause of death
At 5 years, 92.2% (95% CI; 90·5-93·6) of all patients ≤60 years were alive while 58·5% (95% CI; 51·0-65·3) of all patients >80 years remained alive. Interestingly, this significant difference was observed as early as 2 years when 97·2% (95% CI; 96·1-98·0) of patients ≤60 years were alive but only 79·5% (95% CI; 73·2-84·4) of patients >80 years remained living, implying that some eFL experience early death. Among patients receiving chemoimmunotherapy specifically, 48·9% of patients >80 years were alive at 5 years (95% CI; 35·6-60·9) while 91·2% (95% CI; 88·6-93·2) of patients ≤60 years remained living at the same time point. Of the 112 deaths recorded among patients >80 years, 38·4% were attributed to FL and none were recorded as related to lymphoma treatment toxicity. These numbers were only somewhat lower than patients ≤60 years, of whom 47·5% died due to lymphoma and an additional 5·9% related to lymphoma treatment-related toxicity.
Prognostic index
Among eFL patients, we evaluated factors associated with OS using a Cox regression model. This analysis (Table IV) showed that anaemia (haemoglobin <120 g/l) was the only FLIPI factor that was significantly associated with OS in eFL patients (HR; 2·15 [1·34-3·45]). In addition to anaemia, B-symptoms predicted inferior OS (2·17 [1·29-3·64]), while female sex was associated with improved OS (HR; 0·55 [0·36-0·84]). From these three risk factors, we proposed a new index for eFL patients with the corresponding risk categories: 0 (Good), 1 (Intermediate) and 2-3 (Poor). The categories of 2 and 3 were collapsed into one due to small sample size.
We applied this new index in the eFL patients. As shown in Fig 2, (Table V) .
Validation
We examined this new prognostic index in a SEER-Medicare cohort of 1333 FL patients >80 years that had been analysed previously (Nastoupil et al, 2013) . 
Discussion
In the largest prospective study of eFL patients published to date, we show that compared to younger patients, patients with FL who are >80 years less commonly received chemoimmunotherapy or anthracyclines, and more frequently received rituximab monotherapy or were observed. While the ORR was generally lower in eFL patients, responses to specific regimens did not vary by age except for anthracyclines. Furthermore, these variations in treatment selection and response did not impact survival in eFL patients.
Another key finding of this study is that 38% of deaths in eFL patients were attributed to disease with a median OS of 5·7 years. In addition, we developed and validated a simple and practical prognostic index composed of anaemia, B-symptoms and male sex in eFL patients, which predicts inferior OS, PFS and LRM. With the caveats of observational study designs, our findings suggest that current approaches to the management of FL in elderly patients are associated with higher than expected LRM and no particular standard chemoimmunotherapy regimen among those evaluated was associated with superior OS compared with observation, although there was limited power to detect an OS difference between regimens. While this suggests that observation remains a viable strategy for elderly patients with FL, it also suggests that novel and more effective therapies are needed for the patients who still frequently die due to FL. Clinical trials that are specifically designed for these patients are therefore warranted.
Understanding disease characteristics, treatment patterns and outcomes in older patients is critical as the US population is aging. The number of persons >80 years has increased by more than 250% between 1960 and 2000. (Jemal et al, 2009 ) By 2015, this age group is expected to increase by another 50% (Mora & Zucca, 2007) . Importantly, the SEER database suggests that approximately 10% of FL patients diagnosed are >80 years (Nabhan et al, 2014) and little is known about these patients and how best to treat their disease. While prognostic models have included age as an adverse factor in lymphomas, (Solal-Celigny et al, 2004; The International Non-Hodgkin's Lymphoma Prognostic Factors Project, 1993) studies that have led to this conclusion included few patients >80 years and were conducted before the modern chemoimmunotherapy era. Whether old age affects outcome due to different disease biology in the elderly or due to older patients being treated less aggressively remains unknown (Hurria et al, 2009 ). Another factor that could affect outcome in the elderly patient population is dose density and intensity. Martin et al (2013) demonstrated that FL patients >70 years were less likely to receive 6 cycles of treatment, which could potentially contribute to lower responses and inferior outcomes.
Inferior outcomes in elderly patients may also be partially explained by concomitant morbidities (Extermann & Hurria, 2007) . Our study indicates that eFL patients more commonly presented with grade 3 FL and is corroborated by studies in diffuse large B-cell lymphoma, which indicate that older patients may more commonly present with the more aggressive activated B-cell subtype (Armitage et al, 2007; Pfreundschuh, 2010) . However, we were unable to assess comorbidity in our cohort.
More patients >80 years were observed compared with patients ≤60 years and when treated, rituximab monotherapy was commonly used. This is aligned with a large retrospective study of 303 lymphoma patients >80 years where 38% of patients with indolent B-cell lymphomas were observed, 21% received rituximab alone and 15% received chemoimmunotherapy (Nabhan et al, 2012) . While we demonstrated that treatment-related toxicity did not contribute to increased mortality in eFL patients, early discontinuation might have accounted for inferior PFS in this cohort. Martin et al (2013) evaluated 1165 FL patients who received rituximab plus chemotherapy and showed that age ≥75 years was associated with early discontinuation of therapy. Whether the lack of treatment-related mortality in our eFL cohort as compared with their younger counterparts reflects the fact that they received less aggressive therapies with milder toxicities, remains to be elucidated.
Identifying predictors of inferior outcomes is critical in this era of competing therapies as tailoring treatments to specific individual patients' characteristics could lead to improved outcomes. While some retrospective studies demonstrated that failure to achieve complete response and loss of activity of daily livings (ADLs) predicted inferior PFS and OS in indolent lymphoma patients >80 years, (Nabhan et al, 2012) our data lacked prospective geriatric assessments to allow better evaluation of the impact of ADLs, geriatric syndromes and organ dysfunction on outcomes. We showed that male sex predicted worse OS. Whether this reflects different toxicities, variable responses to specific regimens, or the fact that 
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Author Manuscript females have better OS than males in the general USA population remains unanswered. It is noteworthy to mention that several studies have shown differences in rituximab serum concentrations between men and women in a variety of lymphoma histologies, which intuitively could affect responses and outcomes (Muller et al, 2012; Jager et al, 2012) . We subsequently constructed a new prognostic index utilizing lower haemoglobin, B-symptoms and gender, as these were the three critical factors predicting inferior OS. This new simple prognostic index was validated in the SEER-Medicare patient population and predicted inferior OS in this cohort as well (Fig 2c) . Arguably, FLIPI is a prognostic index composed of readily available clinical information; however, our prospective data shows that some FL patients do not undergo staging bone marrow biopsies and their LDH values are missing, confounding the true prognostic score for these patients. As this proposed validated prognostic index is specifically designed for FL patients >80 years and as it utilizes anaemia, gender and B-symptoms, all of which are easily available to the treating physician, we believe that it can be used in the design of prospective studies enrolling eFL patients.
In summary, this report represents the largest prospective analysis of FL patients >80 years to date. This report supports the notion that, compared to younger FL patients, those >80 years have inferior outcomes when treated using our most modern approaches and a substantial number of these patients die from their disease. Together, these findings represent a baseline of outcomes in the modern therapeutic era, and support designing prospective trials for this patient population incorporating our prognostic score. (A) PFS for FL patients aged >80 years in the NLCS based on their initial treatment strategy. No specific regimen amongst these studied provided these elderly patients with a superior PFS. 
